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P r e g n a n c y
T h e s i s  d i r e c t e d  b y  E. S t e w a r t  Taylor, M . D .____________ ________
In s itu p e r f u s i o n  of h u m a n  m i d t r i m e s t e r  p l a c e n t a s  
w i t h  l a b e l e d  p r e g n e n o l o n e  and 1 7 a - h y d r o x y p r e g n e n o l o n e  
w a s  c a r r i e d  out. F o l l o w i n g  p e r f u s i o n  w i t h  p r e g n e n o l o n e ,  
the b u l k  of the r a d i o a c t i v e  m a t e r i a l  r e c o v e r e d  from the 
p l a c e n t a ,  and a p p r o x i m a t e l y  o n e—fou r t h  of t nat r e c o v e r e d  
f rom the v e n o u s  effluent, w a s  p r o g e s t e r o n e .  P e r f u s i o n  
w i t h  1 7 a - h y d r o x y p r e g n e n o l o n e  r e s u l t e d  in a similar 
c o n v e r s i o n  to 1 7 a - h y d r o x y p r o g e s t e r o n e . It is s u g g e s t e d  
t h a t  c o n v e r s i o n  of c i r c u l a t i n g  3f3-hydroxy-A~* p r e c u r s o r s  
into a, p u n s a t u r a t e d  3 - k e t o n e s  m a y  be a ma j o r  p a t h w a y  
in the p l a c e n t a l  s y n t h e s i s  of p r o g e s t e r o n e  and 17a- 
h y d r o x y p r o g e s t e r o n e .
In addition, u s i n g  a v a r i e t y  of e x p e r i m e n t a l  
t e c h n i q u e s , i n c l u d i n g  p e r f u s i o n  of p l a c e n t a s  in s i t u , 
i n j e c t i o n  into the i n tact f e t o - p l a c e n t a l  u n i t  v i a  the 
u m b i l i c a l  vein, as w e l l  as l o n g - t e r m  a d m i n i s t r a t i o n  
into the a m n i o t i c  sac and a n t e c u b i t a l  v e i n  of the
mother, v e r y  little, if any, estrone-, 17f3-estradiol-, 
or e s t r i o l - l i k e  r a d i o a c t i v e  m a t e r i a l  c o u l d  be d e t e c t e d  
in the pla c e n t a ,  fetal t i s s u e s  and u r i n e  of the m o t h e r  
f o l l o w i n g  t h e  a d m i n i s t r a t i o n  of l a b e l e d  p r o g e s t e r o n e .  
T h e s e  r e s u l t s  are i n t e r p r e t e d  as s u p p o r t i n g  the c o n c e p t  
t h a t  p r o g e s t e r o n e  is n o t  a s i g n i f i c a n t  p r e c u r s o r  of 
p l a c e n t a l  e s t r o g e n s .
T h i s  a b s t r a c t  of about 175 w o r d s  is a p p r o v e d  as to 
f o r m  and content. X r e c o m m e n d  its p u b l i c a t i o n .
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A S P E C T S  OF C - 2 1  S T E R O I D  B I O G E N E S I S  A N D  M E T A B O L I S M  
IN THE H U M A N  F E T U S  A N D  P L A C E N T A  
IN THE S E C O N D  T R I M E S T E R  OF P R E GNANCY.
I N T R O D U C T I O N
Th e  e x t e n s i v e  in v i v o  a r o m a t i z a t i o n  o f  d e h y d r o -  
e p i a n d r o s t e r o n e  b y  m i d - t r i m e s t e r  h u m a n  p l a c e n t a s  
p e r f u s e d  in situ has b e e n  d e s c r i b e d  b y  B o l t e  et al. (1) 
A  m o s t  p r o b a b l e  p a t h w a y  of t his a r o m a t i z a t i o n  inv o l v e s  
th e  i n i t i a l  c o n v e r s i o n  of d e h y d r o e p i a n d r o s t e r o n e  into 
a n d r o s t e n e d i o n e .  T h i s  s u g g e s t s  t h a t  s t e r o i d  3£-ol 
d e h y d r o g e n a s e  and 4, 5 - i s o m e r a s e  e n z y m e s  are o p e r a t i v e  
in th e  p l a c e n t a  at this stage of g e s t a t i o n .  E a r l i e r  
in v i t r o  i n v e s t i g a t i o n s  had, in fact, d e m o n s t r a t e d  
t he c a p a c i t y  of t e r m  p l a c e n t a l  t i s s u e  to c o n v e r t  
p r e g n e n o l o n e  into p r o g e s t e r o n e .  (2-6) T herefore, the 
p o s s i b i l i t y  w a s  c o n s i d e r e d  t h a t  c i r c u l a t i n g  p r e g n e n o ­
lone m a y  serve as a m a j o r  sour c e  o f  the p r o g e s t e r o n e  
e l a b o r a t e d  b y  the p l a c e n t a  in m i d - p r e g n a n c y .  In 
o r d e r  to a s sess b o t h  the q u a l i t a t i v e  and q u a n t i t a t i v e  
a s p e c t s  o f  t h i s  p l a c e n t a l  function, m i d - t r i m e s t e r  
p l a c e n t a s  w e r e  p e r f u s e d  in situ w i t h  i s o t o p i c a l l y  
l a b e l e d  p r e g n e n o l o n e .  T h e  st u d y  w a s  e x t e n d e d  to 
i n c l u d e  1 7 a - h y d r o x y p r e g n e n o l o n e  in order to p r o v i d e  
i n f o r m a t i o n  r e g a r d i n g  the a b i l i t y  of the p l a c e n t a  to
m e t a b o l i z e  a 1 7 - h y d r o x y l a t e d  C - 2 1  s t e r o i d  w i t h  the 
3p>-hydroxy-A~* c o n f i g u r a t i o n .
In addition, b e c a u s e  o f  the a f o r e m e n t i o n e d  
f i n d i n g s  of B o l t e  et al. (1) r e l a t e d  to the r a p i d  
and e x t e n s i v e  a r o m a t i z a t i o n  of C - 1 9  s t e r o i d s  b y  the 
m i d - t e r m  pla c e n t a ,  the e x p l o r a t i o n  of the r ole of 
p r o g e s t e r o n e  as a p o s s i b l e  e s t r o g e n  p r e c u r s o r  was 
felt w a r r a n t e d .
It is g e n e r a l l y  b e l i e v e d  that b i o s y n t h e s i s  of 
e s t r o g e n s  in v a r i o u s  s t e r o i d  p r o d u c i n g  o r g a n s  i n ­
v o l v e s  a s e ries of steps f r o m  a c e t a t e  t h r o u g h  
c h o l e s t e r o l ,  p r e g n e n o l o n e ,  p r o g e s t e r o n e ,  1 7 a - h y d r o x y -  
p r o g e s t e r o n e  and a n d r o s t e n e d i o n e . (7) E a c h  of t h e s e  
c o m p o u n d s  w a s  s h o w n  to b e  c o n v e r t e d  into e s t r o n e  
and 17f3-estradiol f o l l o w i n g  i n c u b a t i o n  w i t h  h u m a n  
o v a r i a n  t i s s u e  in v i t r o . (8)
T h e  p r e s e n c e  of large q u a n t i t i e s  o f  p r o g e s t e r o n e  
in th e  h u m a n  pla c e n t a ,  c o r d  b l o o d  and fetal t i s s u e s  
is w e l l  e s t a b l i s h e d .  (9) In addition, the p r e s e n c e  
of all n e c e s s a r y  e n z y m e s  r e q u i r e d  for the c o n v e r s i o n  
of p r o g e s t e r o n e  into a n d r o s t e n e d i o n e  has b e e n  d e m o n ­
s t r a t e d  in t e r m  p l a c e n t a s  (10,11) as w e l l  as in 
s e v e r a l  fetal g lands. (12-14)
B e c a u s e  of the above c o n s i d e r a t i o n s ,  a s e a r c h  
w a s  m a d e  for r a d i o i s o t o p i c a l l y  l a b e l e d  estrone, 17f3- 
e s t r a d i o l  and e s t r i o l  f o l l o w i n g  the i n t r o d u c t i o n  of 
r a d i o a c t i v e  p r o g e s t e r o n e  into the intact f e t o - p l a c e n t  
u n i t .
E X P E R I M E N T A L
S u b j e c t s ;
T h i s  s t u d y  w a s  c a r r i e d  out on p h y s i c a l l y  h e a l t h y  
v o l u n t e e r s  w h o  w e r e  a d m i t t e d  to the Karolinska, Hospital, 
S t o c k h o l m ,  for t e r m i n a t i o n  of p r e g n a n c y  for m e d i c a l  
an d/or s o c i o l o g i c  reaso n s .  The p e r i o d  o f  g e s t a t i o n  
r a n g e d  f r o m  14 to 20 weeks.
E x p e r i m e n t a l  p r o c e d u r e s :
1. _In s i t u  p l a c e n t a l  p e r f u s i o n  wa s  c a r r i e d  out 
as d e s c r i b e d  b y  B o l t e  et al. (1) e x c e p t  that the 
st e r o i d s  to be p e r f u s e d  w e r e  d i s s o l v e d  in 0.8 m l
of 5 0 %  (v/v) e t h a n o l  solution. P e r f u s i o n  time w a s  
te n  m i n u t e s .
2. I n j e c t i o n  into the i n t a c t  f e t o - p l a c e n t a l  
u n i t  at l a p a r o t o m y  w a s  p e r f o r m e d  a c c o r d i n g  to the 
t e c h n i q u e  d e s c r i b e d  b y  M i k h a i l  et al. (16) e x c e p t  
t hat the t ime e l a p s i n g  b e t w e e n  i n j e c t i o n  and i n t e r ­
r u p t i o n  of p r e g n a n c y  w a s  20 m i n u t e s .  In e a c h  
instance, g o o d  u m b i l i c a l  c i r c u l a t i o n  wa s  o b s e r v e d  
t h r o u g h o u t  the e x p e r i m e n t .
3. I n j e c t i o n  into the u m b i l i c a l  v e i n  per 
vaginam, 6 d ays p r i o r  to the i n t e r r u p t i o n  of
p r e g n a n c y ,  w a s  c a r r i e d  o u t  a c c o r d i n g  to the m e t h o d  
of B o l t e  et al. (17)
4. I n t r o d u c t i o n  of i s o t o p i c a l l y  l a b e l e d  s t e r o i d  
into the a m n i o t i c  sac and m a t e r n a l  a n t e c u b i t a l  v e i n  
w a s  c a r r i e d  ou t  b y  i n t r o d u c i n g  a 1.0 m m  p o l y e t h y l e n e  
c a t h e t e r  into the a m n i o t i c  sac and i n j e c t i n g  the 
r a d i o a c t i v e  m a t e r i a l  e v e r y  t e n t h  m i n u t e  for a p e r i o d  
of t h r e e  ho u r s  b o t h  into the a m n i o t i c  sac and the 
a n t e c u b i t a l  v e i n  of the m o t her.
MATERIALS AND METHODS
T R I V I A L  N A M E S :
The f o l l o w i n g  t r i v i a l  na m e s  w i l l  be used: 
a n d r o s t e n e d i o n e  for a n d r o s t - 4 - e n e - 3 , 17-dione, 
d e h y d r o e p i a n d r o s t e r o n e  for 3 £ - h y d r o x y a n d r o s t - 5 - e n -  
1 7 - o n e , 1 6 a - h y d r o x y d e h y d r o e p i a n d r o s t e r o n e  for 3£, 
1 6 a - d i h y d r o x y a n d r o s t - 5 - e n - 1 7 - o n e , e s t r o n e  for 
3 - h y d r o x y e s t r a - 1 , 3, 5, ( 1 0 )-trien-17-one, 17(3- 
e s t r a d i o l  for estra-1, 3, 5, (10)-tr i e n e - 3 , 17(3-diol, 
e s t r i o l  for estra-1, 3, 5, (10)- t r i e n e - 3 , 16a, 17(3- 
triol, p r e g n e n o l o n e  for 3 £ - h y d r o x y p r e g n - 5 - e n - 2 0 - o n e , 
1 7 a - h y d r o x y p r e g n e n o l o n e  for 3p, 1 7 a - d i h y d r o x y p r e g n - 5 -  
e n-20 - o n e ,  p r o g e s t e r o n e  for p r e g n - 4 - e n e - 3 , 20-dione, 
1 7 a - h y d r o x y p r o g e s t e r o n e  for 1 7 a - h y d r o x y p r e g n - 4 - e n e - 3 , 
20-dione, p r e g n a n e d i o l  for 5(3-pregnane-3a, 20a-diol, 
6 p - h y d r o x y p r o g e s t e r o n e  for 6 £ - h y d r o x y p r e g n - 4 - e n e - 3 , 
2 0 - d i o n e  and 1 6 a - h y d r o x y p r o g e s t e r o n e  for 1 6 a - h y d r o x y -  
p r e g n - 4 - e n e - 3 , 20-dione.
A B B R E V I A T I O N S :
The f o l l o w i n g  a b b r e v i a t i o n s  are u sed t h r o u g h o u t  
this p a per: C . C.D. for c o u n t e r c u r r e n t  d i s t r i b u t i o n ,  
d.p.m. for d i s i n t e g r a t i o n s  per minute, c.p.m. for
7c o u n t s  per m inute, E-^ for estrone, E 2 for 17f3- 
estra d i o l ,  E^ for estriol, 3ME-^, 3M E 2 , SME^ for the 
3 - m e t h y l  e t h e r s  o f  estrone, 1 7 ^ - e s t r a d i o l  and e s t r i o l  
r e s p e c t i v e l y  and S. A. for s p e c i f i c  activity.
R A D I O A C T I V E  S T E R O I D S  A D M I N I S T E R E D ;
P r o g e s t e r o n e - 4 - 14C, w i t h  a S.A. of 69\ic per m g  
w a s  p u r i f i e d  b y  m e a n s  of t h i n - l a y e r  c h r o m a t o g r a p h y  
on s i l i c a  g e l  G, us i n g  s y s t e m  H  of Lisboa. (18) 
P r o g e s t e r o n e - 7 a - 3H, w i t h  a S.A. of 30.3 m e  per m g  
w a s  p u r i f i e d  in an i d e n t i c a l  fashion. P r e g n e n o l o n e— 
7 a - 3H, w i t h  a S.A. o f  4.0 m e  per m g  w a s  p u r i f i e d  b y  
m e a n s  of r e p e a t e d  t h i n - l a y e r  c h r o m a t o g r a p h y  on si l i c a  
ge l  G, u s i n g  15 %  e t h y l  a c e t a t e  in benze n e .  (19) 
A n d r o s t e n e d i o n e - 4 - 14C, w i t h  a S.A. of 14.1 m e  per 
m g  w a s  p u r i f i e d  b y  m e a n s  of t h i n - l a y e r  c h r o m a t o g r a p h y  
in s y s t e m  K  o f  Lisboa. (18) 1 7 a - h y d r o x y p r e g n e n o l o n e -  
7 a - 3H, w i t h  a S.A. of 400(i.c per m g  w a s  p u r i f i e d  
u s i n g  s y s t e m  I of Lisboa. (18) Th e  r a d i o c h e m i c a l  
h o m o g e n e i t y  o f  the p u r i f i e d  m a t e r i a l  w a s  a s s e s s e d  
b y  t w o  s u c c e s s i v e  r e c r y s t a l l i z a t i o n s  f r o m  e t h a n o l  
and m e t h a n o l .  T h e  S.A. of the c r y s t a l l i n e  m a t e r i a l  
d i d  not d e v i a t e . f r o m  the e x p e c t e d  v a l u e s  b y  m o r e  t h a n  
five p e r c e n t .
8M E A S U R E M E N T  OF R A D I O A C T I V I T Y ;
C o u n t i n g  w a s  c a r r i e d  out in an a u t o m a t e d  3- 
c h a n n e l  P a c k a r d  T r i - C a r b  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  
(Series 3000) . T h e  lower w i n d o w  w a s  set f r o m  75-375 
v o l t s  w i t h  t h e  g a i n  at 5 0 %  and the s e cond w i n d o w  
f r o m  3 0 0 - 1 0 0 0  volts, w i t h  a g a i n  s e t t i n g  of 20%.
S t e r o i d  f r a c t i o n s  w e r e  c o u n t e d  e i t h e r  in t o l u e n e  
c o u n t a i n i n g  4.0 g / 1  P P O  (2, 5 - d i p h e n y l o x a z o l e  and 
50 m g / 1  P O P O P  (1, 4-bis-2* ( 4 - m e t h y l - 5 - p h e n y l -  
o x a z o l y l ) - b e n z e n e )  or in a s c i n t i l l a t i o n  s o l u t i o n  
d e s c r i b e d  b y  Bray. (20) A p p r o p r i a t e  q u e n c h  c o r r e c t i o n s  
w e r e  p e r f o r m e d  u s i n g  a s u i t a b l e  s o l u t i o n  of l a b e l e d  
s t a n d a r d s  d i s s o l v e d  in a s c i n t i l l a n t  solution. E f ­
f i c i e n c i e s  for 14C and 3H  w e r e  m o n i t o r e d  d a i l y  w i t h  
s t a n d a r d s  p r e p a r e d  in the same m a n n e r  as the samples.
C O L L E C T I O N  OF M A T E R I A L  F O R  A N A L Y S I S ,  E N Z Y M I C  A N D  A C I D  
H Y D R O L Y S I S  OF C O N J U G A T E D  R A D I O A C T I V E  M A T E R I A L  A N D  
E X T R A C T I O N  P R O C E D U R E ;
The p r o c e d u r e s  e m p l o y e d  w e r e  the same as d e s c r i b e d  
b y  M i k h a i l  et al. (51) for t i s s u e s  and B o l t e  et al. (1) 
for u r i n e  s pecimens. U r i n e  w a s  c o l l e c t e d  for 1 to 4 
days, d e p e n d i n g . o n  the e x p e r i m e n t a l  design. In the
p l a c e n t a l  p e r f u s i o n s ,  3 d a y  m a t e r n a l  u r i n e  s p e c i m e n s  
w e r e  c o l l e c t e d .
In the e x p e r i m e n t s  in w h i c h  e s t r o g e n  f o r m a t i o n  
f r o m  p r o g e s t e r o n e  w a s  i n v e s tigated, t h i n - l a y e r  
c h r o m a t o g r a p h y  of the 3 M E 3 - f r a c t i o n s  w a s  c a r r i e d  out 
as d e s c r i b e d  b y  L i s b o a  and D i c z f a l u s y  (6 8 ) u s i n g  
s y s t e m  A. S e p a r a t i o n  of "neutral" from "phenolic" 
m a t e r i a l  w a s  c a r r i e d  ou t  as d e s c r i b e d  b y  B o l t e  et al. 
(1 ) e x c e p t  t h a t  " i r r e g u l a r  p h e n o l s "  w e r e  not analyzed. 
T h e  " p h e n o l i c "  m a t e r i a l  thus o b t a i n e d  w i l l  b e  r e f e r r e d  
to as "stage a" m a t e r i a l .  It is r e a l i z e d  t h a t  the 
r a d i o a c t i v e  m a t e r i a l  p r e s e n t  in this "phenolic" 
f r a c t i o n  m a y  or m a y  n o t  be p h e n o l i c  in character, 
and t hat the p r e c e d i n g  w a s h  of ether e x t r a c t s  w i t h  
b i c a r b o n a t e  b u f f e r  m a y  r e m o v e  a p p r e c i a b l e  q u a n t i t i e s  
o f  p h e n o l i c  m a t e r i a l .  Howev e r ,  no s i g n i f i c a n t  
a m o u n t s  o f  E^, E 2 or E 3 are lost d u r i n g  this p r o c e d u r e .
F U R T H E R  P U R I F I C A T I O N  OF T H E  E S T RONE-, 1 7 & - E S T R A D I 0 L - 
A N D  E S T R I O L - L I K E  R A D I O A C T I V E  M A T E R I A L ;
A) U r i n e  e x t r a c t s
F o l l o w i n g  a b e n z e n e - p e t r o l e u m  e t h e r / w a t e r  p a r ­
t i t i o n  (stage b) , the E-|_ +  E 2 and E ^ - f r a c t i o n s  w e r e
m e t h y l a t e d  s e p a r a t e l y  and s u b m i t t e d  to c h r o m a t o g r a p h y  
o n  a l u m i n a  c o l u m n s  (stage c) . (24) Th e  3ME-^-fraction 
w a s  t h e n  r e d u c e d  w i t h  p o t a s s i u m  b o r o h y d r i d e  and r e ­
c h r o m a t o g r a p h e d  as 3 M E 2 (stage d ) . This m a t e r i a l  
w a s  t h e n  a c e t y l a t e d  and s u b m i t t e d  to C.C.D. in 
s y s t e m  No. 11 (stage e ) . In some e x p e r i m e n t s  (indi­
c a t e d  in T a b l e  8) , 3ME]_ w a s  s e p a r a t e d  from 3ME2 b y  
C.C.D. in s y s t e m  No. 13 r a t h e r  t h a n  c o l u m n  c h r o m a ­
t o g r a p h y  (stage f) and in one e x p e r i m e n t  (No. 7 
and 8 c o m b i n e d ) , the f r a c t i o n  w a s  s u b m i t t e d
to C.C. D .  in s y s t e m  No. 14 w i t h o u t  m e t h y l a t i o n  
(stage g ) . B e c a u s e  of the h i g h  a m o u n t  of e n d o g e n o u s  
c a r r i e r  p r e s e n t  in the S M E ^ - f r a c t i o n , c h r o m a t o g r a p h y  
o n  small a l u m i n a  c o l u m n s  w a s  unsu i t a b l e .  The r e f o r e ,  
e i t h e r  t h i n - l a y e r  c h r o m a t o g r a p h y  wa s  c a r r i e d  out 
(stage h) or t h e  m a t e r i a l  w a s  s u b m i t t e d  to C.C.D. 
in s y s t e m  No. 12 (stage i) f o l l o w e d  by a c e t y l a t i o n  
and C.C.D. of the m e t h y l a t e d  and a c e t y l a t e d  m a t e r i a l  
in s y s t e m  No. 11 (stage j). In on e  e x p e r i m e n t  (No. 7 
and 8 c o m b i n e d ) , the E ^ - f r a c t i o n  w a s  n o t  m e t h y l a t e d  
b u t  w a s  s u b m i t t e d  to C.C.D. in s y s t e m  No. 15 (stage k)
B) P l a c e n t a l  e x t r a c t s  and v e n o u s  e f f l u e n t s
T h e  "free" m a t e r i a l  wa s  p a r t i t i o n e d  into " n eutral
and "pheno l i c "  fractions. The latter wa s  s u b m i t t e d  to 
b e n z e n e - p e t r o l e u m  e t h e r / w a t e r  p a r t i t i o n ,  and the +
E 2 and E ^ - f r a c t i o n s  thus s e p a r a t e d  w e r e  m e t h y l a t e d  and 
c h r o m a t o g r a p h e d  on alumina.
C) F e t a l  t i s s u e s
T h e  " c o n j u g a t e d "  m a t e r i a l  w a s  s u b m i t t e d  to e n z y m i c  
h y d r o l y s i s  and the " phenolic" f r a c t i o n  s e p a r a t e d  as 
d e s c r i b e d  above. A t  e a c h  stage of the above d e s c r i b e d  
p r o c e d u r e s ,  a l i q u o t s  w e r e  t a k e n  for c o u n t i n g  and for 
the e s t i m a t i o n  of c a r r i e r  E-]_, E 2 and E 3 .
F O R M A T I O N  OF D E R I V A T I V E S :
A c e t y l a t i o n  w a s  c a r r i e d  out w i t h  a c etic a n h y d r i d e  
in a n h y d r o u s  p y r i d i n e  (1 :2 ) at r o o m  t e m p e r a t u r e  o v e r ­
night. F o r m a t i o n  o f  d i g i t o n i d e s  w a s  p e r f o r m e d  a c c o r d ­
ing to the m e t h o d  of F r a m e  (21) and of the b i s t h i o -  
s e m i c a r b a z o n e  a c c o r d i n g  to the m e t h o d  of P e a r l m a n  and 
C erceo. (22) R e d u c t i o n  w i t h  p o t a s i u m  b o r o h y d r i d e  w a s  
p e r f o r m e d  in m e t h a n o l i c  s o l u t i o n  at 2° C for 90 min u t e s .  
(23) T h e  r e d u c e d  p r o d u c t s  w e r e  r e o x i d i z e d  at p o s i t i o n  3 
w i t h  2 , 3 - d i c h l o r o - 5 , 6 - d i c y a n o - b e n z o q u i n o n e  in d i o x a n e  
at r o o m  t e m p e r a t u r e  for 24 hours. 3ME-|_, 3 M E 2 and 3 M E 3 
w e r e  p r e p a r e d  in the m a n n e r  d e s c r i b e d  b y  Brown. (24)
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R e d u c t i o n  of k e t o n i c  e s t r o g e n s  w i t h  s o d i u m  b o r o h y d r i d e  
w a s  p e r f o r m e d  as d e s c r i b e d  b y  D i c z f a l u s y  and v o n  
M u n s t e r m a n n .  (25)
D O S E  OF R A D I O A C T I V E  M A T E R I A L :
T h e  a m o u n t  of p r e g n e n o l o n e - 7 a - 3H  p e r f u s e d  in the 
t h r e e  e x p e r i m e n t s  in w h i c h  p r o g e s t e r o n e  w a s  sought 
v a r i e d  b e t w e e n  9.0 and 9.3 [i.c, and t hat of the 17a- 
h y d r o x y p r e g n e n o l o n e - 7 a - 3H  b e t w e e n  10.3 and 14.1 |xc.
T h e  e x p e r i m e n t a l  d e s i g n  and d ose of r a d i o a c t i v e  
m a t e r i a l  e m p l o y e d  in the a s s e s s m e n t  of the p o s s i b l e  
p r e c u r s o r  r o l e  o f  p r o g e s t e r o n e  in e s t r o g e n  f o r m a t i o n  
is i l l u s t r a t e d  in T a b l e  1.
S E P A R A T I O N  OF "FREE" F R O M  "CONJU G A T E D "  R A D I O A C T I V E  
M A T E R I A L :
This w a s  c a r r i e d  o u t  in the f orm of a c o u n t e r -  
c u r r e n t  t y p e  of d i c h l o r o m e t h a n e - w a t e r  p a r t ition, 
u s i n g  t h r e e  s e p a r a t o r y  fun n e l s  and six "strippings". 
Th e  v o l u m e  of e a c h  p h a s e  w a s  50 ml.
C O U N T E R C U R R E N T  D I S T R I B U T I O N :
U n l e s s  o t h e r w i s e  indicated, 24 t r a n s f e r  d i s t r i ­
b u t i o n s  w e r e  c a r r i e d  o u t  in an all g l a s s  C r a i g - P o s t
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m a n u a l  appara t u s .  T h e o r e t i c a l  d i s t r i b u t i o n  v a l u e s  
w e r e  c a l c u l a t e d  a c c o r d i n g  to the m e t h o d  of W a y  and 
B e n n e t t .  (26) The f o l l o w i n g  s o l v e n t  s ystems w e r e  
e m p l o y e d :
1. n - hexane, ethanol, w a t e r  (10:3.9:6.1)
2. p e t r o l e u m  e t h e r 1 , met h a n o l ,  w a t e r  (10:7:3)
3. e t h y l  acetate, c y c l o h e x a n e ,  ethanol, w a t e r  
(1:4:3:2)
4. e t h y l  acetate, cycloh e x a n e ,  ethanol, w a t e r  
(3 : 7 :5 :5)
5. m e t h a n o l ,  water, c a r b o n  t e t r a c h l o r i d e  
(7:3:10)
6. m e t h a n o l ,  water, chloroform, c a r b o n  t e t r a ­
c h l o r i d e  (7:3:3:7)
7. c y c l o h e x a n e ,  ethanol, w a t e r  (5:3:2)
8. 2, 2, 4 - t r i m e t h y l - p e n t a n e ,  ethanol, w a t e r  
(10:9:1)
9. m e t h a n o l ,  water, c a r b o n  t e t r a c h l o r i d e  
(4:1:5)
10. n - hexane, ethanol, w a t e r  (10:4.5:5.5)
11. n-hexane, met h a n o l ,  w a t e r  (10:9:1)
12. m e t h a n o l ,  water, c a r b o n  t e t r a c h l o r i d e  
(2:3:5)
1 B o i l i n g  p o i n t  30-60 d e g r e e s  C.
13. n - hexane, me t h a n o l ,  w a t e r  (10:7:3)
14. m e t h a n o l ,  water, c a r b o n  t e t r a c h l o r i d e  
( 1 : 1 : 2 )
15. m e t h a n o l ,  water, c h l o r o f o r m  (1:3:4).
S E P A R A T I O N  OF THE "FREE" M E T A B O L I T E S  F O U N D  IN P L A C E N T A L  
T I S S U E  A N D  V E N O U S  E F F L U E N T :
Fo r  t h e  s e p a r a t i o n  of p r e g n e n o l o n e  f rom p r o g e s t ­
e r o n e  and 1 7 a - h y d r o x y p r e g n e n o l o n e  from 1 7 a - h y d r o x y -  
p r o g e s t e r o n e ,  a c e t y l a t i o n  w a s  employed. T h e  final 
m e t h o d  a d o p t e d  for the w o r k - u p  of th e s e  two g r o u p s  of 
p e r f u s i o n s  is s h o w n  in F i g u r e s  1 and 2.
W h e r e a s  the i n i t i a l  d i s t r i b u t i o n  of the m a t e r i a l  
o b t a i n e d  f r o m  the p r e g n e n o l o n e  p e r f u s i o n s  r e s u l t e d  in 
a c o m p l e t e  s e p a r a t i o n  o f  "polar m e t a b o l i t e s "  f rom the 
p r o g e s t e r o n e - p r e g n e n o l o n e  complex, the c o r r e s p o n d i n g  
d i s t r i b u t i o n  (C.C.D. s y s t e m  No. 4) o f  the m a t e r i a l  
d e r i v e d  f r o m  p e r f u s i o n  w i t h  1 7 a - h y d r o x y p r e g n e n o l o n e  
g a v e  r i s e  to an i n c o m p l e t e  s e paration.
E S T I M A T I O N  OF C - 2 1  S T E R O I D S :
T h e  a, p - u n s a t u r a t e d  3 - k e t o  stero i d s  w e r e  
m e a s u r e d  b y  U V  a b s o r p t i o n  u s i n g  the A l l e n  c o r r e c t i o n  
formula. (27) 3 p - h y d r o x y - A 5 - s t e r o i d s  w e r e  e s t i m a t e d  
b y  th e  m e t h o d  of O e r t e l  and E i k—Nes. (28) For the
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P R E G N E N O L O N E  P E R F U S E D
D i c h l o r o m e t h a n e  e x t r a c t  
C a r r i e r  p r o g e s t e r o n e  a d ded
C. C. D. s y s t e m  No. 1
T u b e s  0-6
I
P o l a r  metabolite^) 
( K =0.2)
T u b e s  10-23
I
P r o g e s t e r o n e  and 
p r e g n e n o l o n e - l i k e  m a t e r i a l  
(K = 2.0-2.8)
I
A c e t y l a t i o n  
C. C. D. s y s t e m  No. 2
T u b e s  1-9
P r o g e s t e r o n e - l i k e  
m a t e r i a l  (K = 0.3)
C. C. D. s y s t e m  No. 3 
(K = 1.0)
T u b e s  6-17
R e c r y s t a l l i z a t i o n s  
t
P r o g e s t e r o n e
T u b e s  16-23
A c e t y l a t e d  m a t e r i a l  
(K = 4.8)
C. C. D. s y s t e m  No. 9 
(K = 0.61)
Tubes' 3-14
P r e g n e n o l o n e - a c e t a t e - 
like m a t e r i a l
F i g u r e  1
F l o w  sh e e t  for the s e p a r a t i o n  o f  the "free" (unconjugated) 
m a t e r i a l  f o u n d  in p l a c e n t a l  t i s s u e s  and v e n o u s  e f f l u e n t s  
f o l l o w i n g  p e r f u s i o n  w i t h  p r e g n e n o l o n e .
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1 7 a - H Y D R O X Y P R E G N E N O L O N E  P E R F U S E D
D i c h l o r o m e t h a n e  e x t r a c t  
C a r r i e r  1 7 a - h y d r o x y p r o g e s t e r o n e  
a d ded
C. C. D. s y s t e m  No. 4
T u b e s  0-7 T u b e s  ^8-18
Polar m e t a b o l i t e ( s )  1 7 a - h y d r o x y p r o g e s t e r o n e - l i k e  and
(K = 0.3) 17ct-hydroxypregneno l o n e - l i k e  m a t e r i a l
(K = 0.9)
A c e t y l a t i o n
I
C. C. D. s y s t e m  No. 1
i 1 n
T u b e s  0-6 T u b e s  19-24
1 7 a - h y d r o x y p r o g e s t e r o n e - l i k e  A c e t y l a t e d  m a t e r i a l  
m a t e r i a l  (K = 0.1)
C. C. D. s y s t e m  No. 7 
C. C. D. s y s t e m  No. 5 (K = 0.8)
(K = 1.0) j
T u b e s  4-16 
T u b e s  7-18 j
| 1 7 a - h y d r o x y p r e g n e n o l o n e
R e c r y s t a l l i z a t i o n  a c e t a t e - l i k e  m a t e r i a l
I
1 7 a - h y d r o x y p r o g e s t e r o n e
F i g u r e  2
F l o w  sh e e t  for the s e p a r a t i o n  of the "free" (unconjugated) 
m a t e r i a l  found in p l a c e n t a l  t i s s u e s  and v e n o u s  e f f l u e n t s  
f o l l o w i n g  p e r f u s i o n  w i t h  1 7 a - h y d r o x y p r e g n e n o l o n e .
d e t e c t i o n  of the ab o v e  c o m p o u n d s  on t h i n - l a y e r  
c h r o m a t o g r a m s ,  U V - a b s o r p t i o n  and p h o s p h o m o l y b d i c  ac 
w e r e  used.
R E C R Y S T A L L I Z A T I O N  T O  C O N S T A N T  S P E C I F I C  A C T I V I T Y
S u f f i c i e n t  a u t h e n t i c  c a r r i e r  (at least 30 mg) 
w a s  ad d e d  to the i s o l a t e d  r a d i o a c t i v e  m a t e r i a l  to 
o b t a i n  an e x p e c t e d  S.A. of m o r e  t h a n  600 c . p . m . / m g  
for e a c h  i s o l a t e d  c o mpound. S u c c e s s i v e  r e c r y s t a l l i  
z a t i o n s  f r o m  at le a s t  3 d i f f e r e n t  s o l v e n t  systems 
w e r e  p e r f o r m e d .  Th e  c a r r i e r  w a s  e s t i m a t e d  either 
g r a v i m e t r i c a l l y  or b y  U V - a b s o r p t i o n .
R E S U L T S
T h e  r e s u l t s  w i l l  be d i v i d e d  into two m a j o r  s u b ­
g r o u p s :  A. T h o s e  d e a l i n g  w i t h  the f o r m a t i o n  of a, 
p - u n s a t u r a t e d  3 - k e t o n e s  f o l l o w i n g  p l a c e n t a l  p e r f u s i o n  
w i t h  p r e g n e n o l o n e  and 1 7 a - h y d r o x y p r e g n e n o l o n e  and B. 
T h e  a t t e m p t  at a s s e s s m e n t  of the p r e c u r s o r  r ole of 
p r o g e s t e r o n e  in e s t r o g e n  formation.
A. F o r m a t i o n  of a, (3-unsaturated 3 - k e t o n e s  in m i d t e r m  
p l a c e n t a s  p e r f u s e d  w i t h  p r e g n e n o l o n e  and 1 7 a - h y d r o x y -  
p r e q n e n o l o n e .
1. R e c o v e r y  of i n j e c t e d  r a d i o a c t i v e  m a t e r i a l .  
T h e s e  d a t a  are p r e s e n t e d  in T a b l e  2. It ca n  be seen 
t h a t  in the six e x p e r i m e n t s  37.0 to 76.9 p e r c e n t  of 
t he p e r f u s e d  r a d i o a c t i v i t y  w a s  r e c o v e r e d  f rom the 
t h r e e  sou r c e s  studied. F r o m  11.5 to 31.8 p e r c e n t  of 
the a d m i n i s t e r e d  d o s e  w a s  r e c o v e r e d  f r o m  the u r i n e  
of t h e  mo t h e r ,  e x c e p t  in c ase No. 3 in w h i c h  p l a c e n t a l  
s e p a r a t i o n  w a s  o b s e rved.
T a b l e  3 i l l u s t r a t e s  the d i s t r i b u t i o n  o f  the 
d i c h l o r o m e t h a n e - s o l u b l e  ("free") and w a t e r  s o l uble 
("conjugated") m e t a b o l i t e s  in p l a c e n t a s  and v e n o u s  
e f f l u e n t s .  It ca n  be s e e n  t hat 0.6 to 6.7 p e r c e n t
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.
o f  the r a d i o a c t i v e  m a t e r i a l  found in the v a r i o u s  
e x p e r i m e n t s  c o u l d  not be r e m o v e d  b y  d i c h l o r o m e t h a n e  
f r o m  the a q u e o u s  phase. T h e  m a t e r i a l  w h i c h  r e m a i n e d  
in the a q u e o u s  p h a s e  w a s  not a n a l y z e d  further.
2. D i s t r i b u t i o n  of "free" r a d i o a c t i v e  m a t e r i a l  
in t h e  p l a c e n t a s  and v e n o u s  efflu e n t s .  The d i s t r i ­
b u t i o n  f o l l o w i n g  p e r f u s i o n  w i t h  p r e g n e n o l o n e  is 
p r e s e n t e d  in T a b l e  4.
It ca n  be seen f rom th e s e  d a t a  t hat a p p r o x i m a t e l y  
8 9 %  o f  the r a d i o a c t i v e  m a t e r i a l  p r e s e n t  in the 
p l a c e n t a s  w a s  r e c o v e r e d  as p r o g e s t e r o n e ,  and o n l y  
some 9 %  as u n c h a n g e d  p r e g n e n o l o n e .  In addition, 
a b o u t  2 7 %  of the r a d i o a c t i v e  m a t e r i a l  r e c o v e r e d  from 
the v e n o u s  e f f l u e n t  w a s  p r o g e s t e r o n e  and some 1 7 %  
p r e g n e n o l o n e .  T h i r t e e n  p e r c e n t  of the total d o s e  
of the p r e g n e n o l o n e  p e r f u s e d  w a s  c o n v e r t e d  b y  the 
p l a c e n t a s  into p r o g e s t e r o n e .
T h e  d i s t r i b u t i o n  f o l l o w i n g  p e r f u s i o n  w i t h  17a- 
h y d r o x y p r e g n e n o l o n e  is i l l u s t r a t e d  in T a b l e  5.
A p p r o x i m a t e l y  7 5 %  of the r a d i o a c t i v e  m a t e r i a l  
p r e s e n t  in the p l a c e n t a  w a s  17ct-hydroxyprogesterone 
and a p p r o x i m a t e l y  5 %  wa s  u n c h a n g e d  1 7 a - h y d r o x y -  
p r e g n e n o l o n e . S o m e  4 0 %  of the r a d i o a c t i v i t y  r e c o v e r e d
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from the v e n o u s  e f f l u e n t  w a s  p r e s e n t  as 1 7 a - h y d r o x y -  
p r o g e s t e r o n e  and a p p r o x i m a t e l y  the same amou n t  as 
u n c h a n g e d  1 7 a - h y d r o x y p r e g n e n o l o n e . Of the total 
d o s e  of p e r f u s e d  m a terial, 23 %  w a s  c o n v e r t e d  b y  the 
p l a c e n t a  into 1 7 a - h y d r o x y p r o g e s t e r o n e .
3. I d e n t i f i c a t i o n  of the i s o l a t e d  c o m p o u n d s
a) P r o g e s t e r o n e :
T h e  " p r o g e s t e r o n e—l i k e 11 r a d i o a c t i v e  m a t e r i a l  
o b t a i n e d  f rom the t h i r d  C.C.D. (see F i g u r e  3) w a s  
m i x e d  w i t h  a d d i t i o n a l  c a r r i e r  and r e c r y s t a l l i z e d  to 
c o n s t a n t  S.A. (Table 6). No s i g n i f i c a n t  d r o p  w a s  
o b s e r v e d  b e t w e e n  the in i t i a l  e s t i m a t e s  of S.A. and 
t h a t  o f  the first c r y s t a l l i n e  product. T h e  c r y s t a l l i n e  
p r o d u c t s  o b t a i n e d  f r o m  t h e  final r e c r y s t a l l i z a t i o n  in 
the v a r i o u s  e x p e r i m e n t s  w e r e  pooled, the b i s t h i o s e m i -  
c a r b a z o n e  d e r i v a t i v e  w a s  f o r m e d  and s u b m i t t e d  to a 
t w e l v e - t r a n s f e r  C.C.D. in s y s t e m  No. 9. Th e  d i s t r i ­
b u t i o n  of r a d i o a c t i v e  m a t e r i a l  a g r e e d  w i t h  t hat of 
the c a r r i e r  (K=2.9). W h e n  the l o g a r i t h m s  of S.A. in 
t h e  i n d i v i d u a l  t u b e s  w e r e  p l o t t e d  a g a i n s t  the tube 
n u m b e r  a c c o r d i n g  to B e g g e t t  and Engel, (29) a s t r a i g h t  
line w i t h  z e r o - s l o p e  w a s  obtained, i n d i c a t i n g  a g a i n  
t h a t  r a d i o c h e m i c a l  h o m o g e n e i t y  ha d  b e e n  achieved.
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P r o g e s t e r o n e  in this s y s t e m  is r e p o r t e d  to h a v e  a 
K - v a l u e  of 0.37. (30)
b) 1 7 a - h y d r o x y p r o g e s t e r o n e :
F o l l o w i n g  the t h i r d  C.C.D. the "17a-
h y d r o x y p r o g e s t e r o n e - l i k e "  m a t e r i a l  f rom e x p e r i m e n t s
4, 5 and 6 w a s  r e c r y s t a l l i z e d .  Again, it w a s  
a p p a r e n t  t h a t  r a d i o c h e m i c a l  h o m o g e n e i t y  ha d  b e e n  
o b t a i n e d  p r i o r  to r e c r y s t a l l i z a t i o n .  The final sets 
of c r y s t a l s  f r o m  th e  v a r i o u s  e x p e r i m e n t s  w e r e  pooled, 
the c o m p o u n d  r e d u c e d  w i t h  p o t a s s i u m  b o r o h y d r i d e ,  
p a r t i a l l y  r e o x i d i z e d  (31) and s u b m i t t e d  to C.C.D. in 
s y s t e m  No. 6. A  K - v a l u e  of 0 .39 w a s  o b t a i n e d  and a 
B a g g e t t - E n g e l  p l o t  (29) i n d i c a t e d  r a d i o c h e m i c a l  
h o m o g e n e i t y .  F o l l o w i n g  a c e t y l a t i o n ,  the K - v a l u e  of 
t h e  c o m p o u n d  in the same s y s t e m  c h a n g e d  to 0.11.
A g a i n  r a d i o c h e m i c a l  h o m o g e n e i t y  w a s  evident.
c) Polar m e t a b o l i t e s  f o r m e d  from p r e g n e n o l o n e  
T h e  a m o u n t  of r a d i o a c t i v e  m a t e r i a l  a v a i l a b l e
in t his f r a c t i o n  p r e c l u d e d  i d e n t i f i c a t i o n .  However, 
since less t h a n  1 %  of t h e  m a t e r i a l  c o u l d  be p r e ­
c i p i t a t e d  b y  the a d d i t i o n  of digito n i n ,  it w a s  s u s ­
p e c t e d  t h a t  the b u l k  of t h e s e  "polar m e t a b o l i t e s "  
c o n s i s t e d  of a, (3-unsaturated k e t o n i c  m a t e r i a l .  As
sh o w n  in T a b l e  7, C.C.D. of this m a t e r i a l  is s y s t e m s  
No. 1 and 4 i n d i c a t e d  t hat it w a s  m o r e  p o l a r  t h a n  17a- 
h y d r o x y p r o g e s t e r o n e . F o l l o w i n g  a c e t y l a t i o n  of th i s  
fraction, d i s t r i b u t i o n  in s y s t e m  No. 1 s u g g e s t e d  the 
p r e s e n c e  of at least t h r e e  compo u n d s .  It a p p ears 
f r o m  the d a t a  o f  T a b l e  7 that, o n  the b a s i s  of the 
K - v a l u e s , the p o s s i b l e  p r e s e n c e  of some 6 p - h y d r o x y -  
p r o g e s t e r o n e  and 1 6 a - h y d r o x y p r o g e s t e r o n e  among the 
p o l a r  m e t a b o l i t e s  c a n n o t  be excluded.
d) Polar m e t a b o l i t e s  f o r m e d  f o l l o w i n g  
p e r f u s i o n  o f  1 7 a - h y d r o x y p r e g n e n o l o n e :
Little, if any, o f  t his m a t e r i a l  w a s  p r e ­
c i p i t a t e d  w h e n  d i g i t o n i n  w a s  added. F o l l o w i n g  
a c e t y l a t i o n ,  a 4 8 - t r a n s f e r  C.C.D. (system No. 10) 
i n d i c a t e d  the p r e s e n c e  of at least four i n c o m p l e t e l y  
s e p a r a t e d  peaks. I n s u f f i c i e n t  m a t e r i a l  p r e c l u d e d  
f u r t h e r  c h a r a c t e r i z a t i o n  o f  this fraction.
e) U n c h a n g e d  p r e c u r s o r s :
P r e g n e n o l o n e :  In e x p e r i m e n t s  1 and 3, the 
i n i t i a l  C.C.D. in s y s t e m  No. 1 (Figure 1) w a s  c a r r i e d  
ou t  f o l l o w i n g  d i g i t o n i n  p r e c i p i t a t i o n .  A n a l y s i s  of 
t h e s e  c u r v e s  i n d i c a t e d  c l o s e  a g r e e m e n t  b e t w e e n  r a d i o ­
a c t i v e  m a t e r i a l  and a u t h e n t i c  carrier. F o l l o w i n g
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a c e t y l a t i o n  and C.C.D. in s y s t e m  No. 2, the d i s t r i b u t i o n  
of the r a d i o a c t i v e  m a t e r i a l  and c a r r i e r  w a s  again 
ident i c a l .  S u b s e q u e n t l y ,  t h e  f r a c t i o n  d e s i g n a t e d  
as " p r e g n e n o l o n e - a c e t a t e - l i k e "  m a t e r i a l  from all the 
e x p e r i m e n t s  w a s  p o o l e d  and s u b m i t t e d  to C.C.D. in 
s y s t e m  No. 8 . E x c e l l e n t  a g r e e m e n t  w a s  n o t e d  b e t w e e n  
l a b e l e d  c a r r i e r  and th e  p o o l e d  m a t e r i a l .
1 7 a - h y d r o x y p r e g n e n o l o n e :  T h e  f r a c t i o n  d e s i g n a t e d  
as "1 7 a - h y d r o x y p r e g n e n o l o n e - a c e t a t e - l i k e " m a t e r i a l  
f r o m  the v a r i o u s  e x p e r i m e n t s  w a s  p o o l e d  and d i s t r i b u t e d  
w i t h  c a r r i e r  in C.C.D. s y s t e m  No. 7 w i t h  cl o s e  a g r e e ­
m e n t  b e t w e e n  r a d i o a c t i v e  m a t e r i a l  and carrier.
B. Th e  a t t e m p t  at a s s e s s m e n t  of the p r e c u r s o r  r ole of 
p r o g e s t e r o n e  in e s t r o g e n  f o r m a t i o n .
T h e  r e s u l t s  of u r i n e  a n a l y s e s  are s u m m a r i z e d  in 
T a b l e  8 .
In an e f f o r t  to d e t e c t  e s t r o g e n - l i k e  r a d i o a c t i v e  
m a t e r i a l  w h e n  p r e s e n t  in m i n u t e  q u a n tities, r e l a t i v e l y  
la r g e  a l i q u o t s  o f  the p o o l e d  ur i n e  s p e c i m e n s  w e r e  
e v a l u a t e d .  It is a p p a r e n t  f r o m  the d a t a  o f  T a b l e  8 
t h a t  v e r y  little, if any, r a d i o a c t i v e  m a t e r i a l  r e m a i n e d  
a s s o c i a t e d  w i t h  c a r r i e r  E-j_, E 2 and E 3 f o l l o w i n g  the
32
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v a r i o u s  s t ages of the p u r i f i c a t i o n  p r o c e d u r e  employed. 
In addition, w h e n  C.C.D. w a s  e m p l o y e d  to c h a r a c t e r i z e  
the f r a c t i o n  obtained, the e s t r o g e n - l i k e  r a d i o a c t i v e  
m a t e r i a l  d e r i v e d  f r o m  p r o g e s t e r o n e  w a s  d i f f u s e l y  
d i s t r i b u t e d  t h r o u g h o u t  the tubes, and f a i l e d  to 
d e s c r i b e  the e x p e c t e d  b i n o m i a l  d i s t r i b u t i o n  curve, 
w h e r e a s  the e s t o g e n - l i k e  m a t e r i a l  d e r i v e d  fr o m  
a n d r o s t e n d i o n e  (experiment No. 10) i n v a r i a b l y  d e s c r i b e d  
a b i n o m i a l  c u r v e  and c o u l d  not be d i s s o c i a t e d  from 
the a u t h e n t i c  c a r r i e r  (see F i g u r e  4). It is w e l l  
e s t a b l i s h e d  t hat a n d r o s t e n d i o n e  is e x t e n s i v e l y  
a r o m a t i z e d  un d e r  t h e s e  e x p e r i m e n t a l  con d i t i o n s .  (15)
T h e  r e s u l t s  of the a n a l y s i s  o f  the p l a c e n t a l  
and fetal t i s s u e s  are p r e s e n t e d  in T a b l e  9. In an 
a t t e m p t  to st u d y  the fate o f  "i n t r a c e l l u l a r l y "  f o r m e d  
p r o g e s t e r o n e ,  in e x p e r i m e n t  No. 9, p l a c e n t a l  p e r f u s i o n  
w i t h  p r e g n e n o l o n e  w a s  c a r r i e d  out.
It a p p e a r s  f rom t h e  d a t a  of T a b l e  9 t hat in all 
t i s s u e s  a n a l y z e d  the " phenolic" r a d i o a c t i v e  m a t e r i a l  
r e c o v e r e d  w a s  so l i m i t e d  t hat further a n a l y s i s  o f  the 
e s t r o g e n  f r a c t i o n s  b e c a m e  i mpossible.
D I S C U S S I O N
A . F o r m a t i o n  of a, g u n s a t u r a t e d  3 - k e t o n e s  in m i d t e r m  
p l a c e n t a s  p e r f u s e d  in s itu w i t h  p r e g n e n o l o n e  and 17a 
h y d r o x y p r e g n e n o l o n e .
Th e  d a t a  p r e s e n t e d  i n d i c a t e  t h a t  p r e g n e n o l o n e  
p e r f u s e d  t h r o u g h  the m i d - t r i m e s t e r  p l a c e n t a  in situ 
is c o n v e r t e d  r a p i d l y  and e x t e n s i v e l y  into p r o g e s t e r o n e ,  
and t h a t  the p r o g e s t e r o n e  f o r m e d  is s e c r e t e d  to the 
fe t a l  c o m p a r t m e n t .  A  similar c o n v e r s i o n  o c c u r s  w h e n  
1 7 a - h y d r o x y p r e g n e n o l o n e  is p e r f u s e d .  F u r t h e r m o r e ,  
p r e v i o u s  (1) and r e c e n t  (32) d a t a  i n d i c a t e  that 
d e h y d r o e p i a n d r o s t e r o n e  is c o n v e r t e d  into a n d r o s t e n e ­
d i o n e  b y  p e r f u s e d  m i d t e r m  p l a c e n t a s  p r i o r  to ar o m a -  
ti z a t i o n .  On th e  b a s i s  of t h e s e  data, the g e n e r a l ­
i z a t i o n  seems j u s t i f i a b l e  t hat m i d t e r m  p l a c e n t a s  
r e a d i l y  c o n v e r t  3(3-hydroxy-A~*-steroids into c o r r e ­
s p o n d i n g  a, (3-unsaturated 3-ketones. Th e  p r e s e n c e  
in c o r d  b l o o d  of a v a r i e t y  o f  3(3-hydroxy-A^-steroid 
s u l f a t e s  (including p r e g n e n o l o n e  sul f a t e  and 17a- 
h y d r o x y p r e g n e n o l o n e  sulfate) has b e e n  d e m o n s t r a t e d .  (33) 
F r e e  1 7 a - h y d r o x y p r e g n e n o l o n e  w a s  i s o l a t e d  f r o m  the 
a d r e n a l  v e n o u s  b l o o d  of a n o n - p r e g n a n t  f e male w i t h  an
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a d r e n a l  c a r c i n o m a .  (34) The p r e s e n c e  of p r e g n e n o l o n e  
s u l f a t e  in p o o l e d  p l a s m a  also has b e e n  d e m o n s t r a t e d  
r e c e n t l y .  (35) It r e m a i n s  to b e  d e m o n s t r a t e d  w h e t h e r  
p r e g n e n o l o n e  su l f a t e  or its 1 7 a - h y d r o x y l a t e d  form 
c i r c u l a t e s  n o r m a l l y  in p r e g n a n t  women. In any event, 
the p r e s e n t  f i n d i n g s  m a y  r e f l e c t  e v e n t s  t a k i n g  p l a c e  
in p r e g n a n c y  p r o v i d e d  p l a c e n t a l  s u l f a t a s e s  are c a p a b l e  
of h y d r o l y z i n g  the 3 - s u l f a t e s  of the C -21 s teroids 
s t u d i e d .
It has b e e n  e s t a b l i s h e d  t h a t  the h u m a n  p l a c e n t a  
e l a b o r a t e s  p r o g e s t e r o n e ,  (36) h o w e v e r  the ro u t e  of 
b i o s y n t h e s i s  in this o r g a n  is i n c o m p l e t e l y  u n d e r s t o o d .  
De n o v o  s y n t h e s i s  f rom a c e t a t e  c o u l d  not be d e m o n ­
strated. (37) Our p r e s e n t  d e m o n s t r a t i o n  of the 
e x t e n s i v e  f o r m a t i o n  of p r o g e s t e r o n e  f rom p r e g n e n o l o n e  
u s e d  in a single cycle, s u g g e s t s  t h a t  c o n v e r s i o n  of 
c i r c u l a t i n g  p r e c u r s o r s  m a y  b e  a m a j o r  p a t h w a y  of 
p l a c e n t a l  p r o g e s t e r o n e  e l a b o r a t i o n .
S i n c e  u r i n a r y  p r e g n a n e d i o l  e x c r e t i o n  is d i m i n i s h e d  
o n l y  s l i g h t l y  f o l l o w i n g  i n t e r r u p t i o n  of the f e t o ­
p l a c e n t a l  c i r c u l a t i o n  at m i d  pregn a n c y ,  (38) in 
w o m e n  p r e g n a n t  w i t h  a n e n c e p h a l i c  monsters, (39) in 
ca s e s  of i n t r a u t e r i n e  fetal d e a t h  (40-42) or in
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a b d o m i n a l  p r e g n a n c y  f o l l o w i n g  the r e m o v a l  of the 
infant, (43) it seems r e a s o n a b l e  to a s s u m e  t hat the 
b u l k  of p l a c e n t a l  p r o g e s t e r o n e  arises f rom a m a t e r n a l  
r a t h e r  t h a n  a fetal p r e c u r s o r .  F u r t h e r m o r e ,  in v i e w  
o f  the f i n d i n g  of s u b s t a n t i a l  a m o u n t s  of u r i n a r y  
p r e g n a n e d i o l  in a d r e n a l e c t o m i z e d  p r e g n a n t  women,
(44-46) it is p o s s i b l e  that c i r c u l a t i n g  c h o l e s t e r o l  
is an i m p o r t a n t  p r e c u r s o r  of p l a c e n t a l  p r o g e s t e r o n e .
S e v e r a l  m e t a b o l i t e s  of p r o g e s t e r o n e ,  such as 20a- 
h y d r o x y p r e g n - 4 - e n e - 3  one, 20|3-hydroxypregn-4-ene-3 one, 
p r e g n a n e d i o l ,  3f3-hydroxy-5a-pregnan-20 one and 5a- 
p r e g n a n e - 3 £ - 2 0 a - d i o l  h a v e  b e e n  i s o l a t e d  f rom h u m a n  
p l a c e n t a l  tissue. (47-49)
In addition, in v i t r o  st u d i e s  w i t h  l a b e l e d  p r o ­
g e s t e r o n e  i n d i c a t e  the c a p a c i t y  of h u m a n  t e r m  p l a c e n t a l  
p r e p a r a t i o n s  to h y d r o x y l a t e  p r o g e s t e r o n e  in p o s i t i o n s  
6(3-^0, 1 6 a - 1 0 , l7a-~^ and 20a-~’3 and to form an d r o -  
s t e n e d i o n e  b y  th e  r e m o v a l  of the s i d e -chain. (10,11)
It is g e n e r a l l y  b e l i e v e d  t h a t  at least some of t h e s e  
r e a c t i o n s  oc c u r  _in v i v o , and that p l a c e n t a l  170- 
h y d r o x y l a s e  and d e s m o l a s e  a c t i v i t i e s  m a y  b e  i n s t r u ­
m e n t a l  in e s t r o g e n  s y n t h e s i s  b y  t his organ. U nder 
the e x p e r i m e n t a l  c o n d i t i o n s  e m p l o y e d  in the p r e s e n t l y
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d e s c r i b e d  p l a c e n t a l  p e r f u s i o n s ,  it w a s  not p o s s i b l e  to 
d e m o n s t r a t e  the p r e s e n c e  of l a b e l e d  a n d r o s t e n e d i o n e  
or s i g n i f i c a n t  a m o u n t s  of " p h e n o l i c” r a d i o a c t i v e  
m a t e r i a l  in any of the p l a c e n t a s  or v e n o u s  effluents. 
N e i t h e r  w a s  it p o s s i b l e  to d e t e c t  any l a b e l e d  17- 
a - h y d r o x y p r e g n e n o l o n e  or 1 7 a - h y d r o x y p r o g e s t e r o n e  w h e n  
p r e g n e n o l o n e  w a s  p e r f u s e d .  There f o r e ,  if t h e s e  
e n z y m i c  p a t h w a y s  are o p e r a t i v e  at all in v i v o  in m i d ­
p r e g n a n c y ,  their s i g n i f i c a n c e  a p p e a r s  to be limited.
O n  the ot h e r  hand, the a b i l i t y  of fetal t i s s u e  
to c a r r y  o u t  1 7 a - h y d r o x y l a t i o n  and s i d e - c h a i n  c l e a v a g e  
at m i d - p r e g n a n c y  has b e e n  d e m o n s t r a t e d  r e p e a t e d l y  
under v a r i o u s  e x p e r i m e n t a l  c o n d itions, b o t h  in v i t r o  
and in v i v o  (for r e v i e w s  see Z a nder (54) and D i c z f a l u s y  
et al. (55)). It is p o s sible, therefore, that t h ese 
two r e a c t i o n s  occur p r e d o m i n a t e l y  in the fetal c o m ­
p a r t m e n t  of the f e t o - p l a c e n t a l  unit. F u r t h e r m o r e ,  
p e r f u s i o n  of p r e - v i a b l e  f etuses w i t h  l a b e l e d  17a- 
h y d r o x y p r e g n e n o l o n e  d i d  no t  r e s u l t  in the f o r m a t i o n  
of d e t e c t a b l e  a m o u n t s  o f  1 7 a - h y d r o x y p r o g e s t e r o n e . (56) 
It seems likely, therefore, t hat m o s t  of the a, p 
u n s a t u r a t e d  k e t o n i c  s t e r o i d s  e l a b o r a t e d  b y  the f e t o ­
p l a c e n t a l  u n i t  are f o rmed b y  the p l a c e n t a l  c o m p a r t m e n t
f r o m  3 13- h y d r o x y - A ^  c o m p o u n d s  r e a c h i n g  the p l a c e n t a  v i a  
the f e t a l  and/ o r  m a t e r n a l  c i r c u l a t i o n s .  T his m i g h t  
b e  o f  some p r a c t i c a l  importance, since it is g e n e r a l l y  
b e l i e v e d  t h a t  if it w e r e  p o s s i b l e  to a c h i e v e  and 
m a i n t a i n  a h i g h  c o n c e n t r a t i o n  of p r o g e s t e r o n e  at 
its p r o b a b l e  site o f  action, the m y o m e t r i u m ,  its 
t h e r a p e u t i c  e f f e c t i v e n e s s  c o u l d  b e  a s s e s s e d  m o r e  
a d e q u a t e l y .  In v i e w  of the r e s u l t s  prese n t e d ,  it 
is felt t h a t - p r o v i d e d  the p l a c e n t a l  e n z y m e  systems 
i n v o l v e d  are f u n c t i o n i n g  a d e q u a t e l y - t h i s  g o a l  m i g h t  
b e  a c h i e v e d  b y  s u p p l y i n g  the p l a c e n t a  w i t h  large 
q u a n t i t i e s  of p r e g n e n o l o n e  a d m i n i s t e r e d  in a s u i t a b l e  
form.
B . P r e c u r s o r  r o l e  of p r o g e s t e r o n e  in e s t r o g e n  
f o r m a t i o n .
A l t h o u g h  the c o n v e r s i o n  of p r o g e s t e r o n e  into 
e s t r o g e n  in n o r m a l l y  p r e g n a n t  w o m e n  has not b e e n  
d e m o n s t r a t e d  t hus far, (57) th e r e  seems to be a 
c o m m o n l y  h e l d  v i e w  t h a t - s i m i l a r  to its r ole in o ther 
e n d o c r i n e  g l a n d s  (58)- p r o g e s t e r o n e  m a y  serve as a 
p r e c u r s o r  of p l a c e n t a l  estro g e n s .  (57, 59, 10, 64)
T h e  q u e s t i o n  as to w h e t h e r  c i r c u l a t i n g  p r o g e s t e r o n e  
is an e s t r o g e n  p r e c u r s o r  in p a t h o l o g i c  forms of
p r e g n a n c y  is as y e t  u n a n s w e r e d .  C o n v e r s i o n  into 
u r i n a r y  e s t r o n e  w a s  d e s c r i b e d  f o l l o w i n g  i n t r a m u s c u l a r  
a d m i n i s t r a t i o n  of 37.8 i_ic of 14C l a b e l e d  p r o g e s t e r o n e  
to a p a t i e n t  w i t h  c h o r i o c a r c i n o m a ,  (57) w h e r e a s  no 
c o n v e r s i o n  of a s i n g l e  i n t r a v e n o u s  i n j e c t i o n  of 
■ ^C-labeled p r o g e s t e r o n e  into u r i n a r y  e s t r o g e n  c o u l d  
b e  d e m o n s t r a t e d  in a w o m a n  p r e g n a n t  w i t h  a h y d a t i d i -  
f o r m  mole. (60) W h e t h e r  this d e s c r e p a n c y  in r e s u l t s  
is r e a l  or seeming, and d e p e n d s  on d i f f e r e n c e s  in 
the d o s e  a n d / o r  r o u t e  of a d m i n i s t r a t i o n  employed, 
has no t  b e e n  a s c e r t a i n e d  as yet.
T h e r e  are a n u m b e r  of fa c t o r s  r e n d e r i n g  the 
a s s e s s m e n t  of the e s t r o g e n  p r e c u r s o r  r o l e  of p r o ­
g e s t e r o n e  in p r e g n a n c y  a d i f f i c u l t  one. First, the 
h a l f - l i f e  and d i s p o s i t i o n  of s y s t e m i c a l l y  a d m i n i s t e r e d  
p r o g e s t e r o n e  is s uch that o n l y  v e r y  l i ttle m a y  r e a c h  
the p l a c e n t a  f o l l o w i n g  a single injection. (61, 58,
62, 63) S e c ondly, it is c o n c e i v a b l e  that p r o g e s t e r o n e  
c i r c u l a t i n g  in the f e t o - p l a c e n t a l  u nit m a y  be c o n v e r t e d  
m o r e  e f f i c i e n t l y  into e s t r o g e n  t h a n  that p r e s e n t  in 
the m a t e r n a l  c i r c u l a t i o n .  T h i s  has r e c e n t l y  b e e n  
s h o w n  to be the c ase w i t h  r e g a r d  to d e h y d r o e p i a n d r o s -  
t e r o n e  sulfate. (17) Thirdly, it m i g h t  be a r g u e d  that
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lack of c o n v e r s i o n  of c i r c u l a t i n g  p r o g e s t e r o n e  does 
not p r e c l u d e  the p o s s i b i l i t y  t hat this steroid, formed 
w i t h i n  the cell, is c o n v e r t e d  to estrogen.
T h e  e x p e r i m e n t s  r e p o r t e d  in t his p a p e r  h ave b e e n  
d e s i g n e d  in an a t t e m p t  to overcome, as far as possible, 
t he a b o v e - m e n t i o n e d  d i f f i c u l t i e s .  S i n c e  the r a p i d  and 
e x t e n s i v e  c o n v e r s i o n  of p r e g n e n o l o n e  into p r o g e s t e r o n e  
in m i d - t r i m e s t e r  p l a c e n t a s  p e r f u s e d  in situ has b e e n  
s h o w n  above, it w a s  f elt t h a t  t his e x p e r i m e n t a l  d e s i g n  
p e r m i t t e d  t h e  st u d y  o f  the p o s s i b l e  f o r m a t i o n  of 
e s t r o g e n  f rom " i n t r a c e l l u l a r "  p r o g e s t e r o n e .
T h e  r e s u l t s  o b t a i n e d  in this study i n d i c a t e  that, 
f r o m  the q u a n t i t a t i v e  p o i n t  of view, p r o g e s t e r o n e  is 
no t  a s i g n i f i c a n t  p r e c u r s o r  of p l a c e n t a l  estrogen.
T h e  q u e s t i o n  arises then, as to the p r i n c i p a l  
r o u t e  o f  b i o s y n t h e s i s  of e s t r o g e n s  in m i d  p r e g n a n c y .
It has b e e n  shown that d e h y d r o e p i a n d r o s t e r o n e  sulf a t e  
r e a c h i n g  the p l a c e n t a  via the m a t e r n a l  c i r c u l a t i o n  is 
c o n v e r t e d  t h e r e  into e s t r o g e n  in g o o d  yield. (64, 60
17, 1)
F u r t h e r m o r e ,  d e h y d r o e p i a n d r o s t e r o n e  s u l fate 
i n t r o d u c e d  into the u m b i l i c a l  c i r c u l a t i o n  w a s  shown 
to be c o n v e r t e d  into u r i n a r y  e s t r o g e n  to a m u c h
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g r e a t e r  e x t e n t  t h a n  the same c o m p o u n d  i n t r o d u c e d  into 
the m a t e r n a l  c i r c u l a t i o n .  (17) In v i e w  of the large 
a m o u n t s  o f  d e h y d r o e p i a n d r o s t e r o n e  su l f a t e  (65) and 
1 6 a - h y d r o x y d e h y d r o e p i a n d r o s t e r o n e  s u l f a t e  (66) 
f o u n d  in c o r d  blood, the above d a t a  e s t a b l i s h e d  the 
p r e c u r s o r  r ole of d e h y d r o e p i a n d r o s t e r o n e  s u l f a t e  and 
i n d i r e c t l y  of ot h e r  3 p - h y d r o x y - A 5 - c - 1 9  stero i d s  in 
e s t r o g e n  p r o d u c t i o n  in p r e g n a n c y .  Th e  studies 
m e n t i o n e d  in the fi r s t  p a r t  of this p a p e r  d e a l i n g  
w i t h  t h e  _in s itu p e r f u s i o n  of p l a c e n t a s  w i t h  17a- 
h y d r o x y p r e g n e n o l o n e  i n d i c a t e  t h a t  v e r y  little, if 
any, s i d e - c h a i n  c l e a v a g e  o c c u r s  in m i d - t r i m e s t e r  
p l a c e n t a s  under the e x p e r i m e n t a l  c o n d i t i o n s  employed. 
On the ot h e r  hand, w h e n  p r e v i a b l e  fe t u s e s  w e r e  
p e r f u s e d  w i t h  1 7 a - h y d r o x y p r e g n e n o l o n e , d e h y d r o ­
e p i a n d r o s t e r o n e  su l f a t e  w a s  found. (67) No d e h y d r o -  
e p i a n d r o s t e r o n e - l i k e  r a d i o a c t i v e  m a t e r i a l  c o u l d  be 
d e t e c t e d  as u n c o n j u g a t e d  "free" mat e r i a l ,  a l t h o u g h  
m o r e  t h a n  9 5 %  of the r a d i o a c t i v e  m a t e r i a l  r e c o v e r e d  
from the fetal t i s s u e s  w a s  p r e s e n t  in an u n c o n j u g a t e d  
form.
Th u s  the r e s u l t s  s eem to b e  c o m p a t i b l e  w i t h  the 
c o n c e p t  t hat the p r i n c i p a l  r o u t e  of e s t r o g e n  b i o ­
s y n t h e s i s  in the h u m a n  f e t o - p l a c e n t a l  u nit at m i d ­
p r e g n a n c y  m a y  p r o c e e d  v i a  1 7 a  - h y d r o x y p r e g n e n o l o n e  
s u l f a t e  and d e h y d r o e p i a n d r o s t e r o n e  sulfate. If 
e s t r o g e n  f o r m a t i o n  a lso ta k e s  p l a c e  vi a  p r o g e s t e r o n e ,  
1 7 a - h y d r o x y p r o g e s t e r o n e  and a n d r o s t e n e d i o n e , its 
e x t e n t  m u s t  b e  limited.
Finally, it s h o u l d  b e  n o t e d  t hat the fetal and 
p l a c e n t a l  e n z y m e  s ystmes are s u b j e c t  to d e v e l o p m e n t  
and m o d i f i c a t i o n s  as p r e g n a n c y  p r o g r e s s e s ,  and the 
s i t u a t i o n  at t e r m  m a y  d i f f e r  c o n s i d e r a b l y  from that 
p r e v a i l i n g  at m i d  p r e g n a n c y .
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